I. INTRODUCTION
The fractal concept stipulates that the same physical laws apply for different scales of a given physics [1] [2] . The possibility to study several particle and nuclei properties with help of fracatals was recently shown. First, fractal properties were applied successively to fundamental force coupling constants, to atomic energies, and to elementary particle masses [3] . Then, they were applied to study hadron spectroscopy [4] . Finally, they were applied to the study of masses and energy levels of several nuclei [5] .
The aim of the present paper, is to look at the possibility of using the same method to help to determine the unknown spins of some particles or nuclei excited levels.
The fractal concept, as well as the log-periodic corrections [6] [7] were summarized in [5] . The scale invariance is defined in the following way: an observable O(x), depending on the variable x, is scale invariant under the arbitrary change x → λx, if there is a number µ(λ) such that O(x) = µO(λx). λ is the fundamental scaling ratio. The solution of O(x) is the power law:
where α = -lnµ/lnλ.
We have therefore " a continuous translational invariance expressed on the logarithms of the variables" since log(O(x)) = α log(x) + log(C)
Considering a sequence of same objects, with a given spin, O(x) is the mass of this object of rank "x". If the logs of the masses of a sequence having a given spin, are aligned versus the logs of the rank, we can look if the unknown spin mass can be introduced without loss of linearity in the straight line. * tati@ipno.in2p3.fr
It was shown [4] [5] that the masses follow discrete scale invariances and not continuous scale invariances; we observe therefore multi-fractal distributions.
This fractal property of linearity between the log of masses of a given spin versus the log of the rank is used below to help to determine the unknown spins of some mesons, hadrons and nuclei levels. When an unknown spin level arrives at the same rank for two (or more) different spin distributions, only the larger spin appears in the figures, the other lower spin marks being recovered.
II. MESONS
The masses and spins are the last Particle Data Group values (PDG) [8] . Some masses, omitted from the summary table of [8] , are however kept in the study. Some meson families are ignored when a too small number of masses or spins is known.
A. Unflavoured mesons
The log-log plot of unflavoured meson masses is shown in figure 1. Full red circles correspond to J = 0 mesons, full blue squares correspond to J = 1 mesons, full green triangles correspond to J = 2 mesons, full purple stars correspond to J = 3 mesons, and sky blue empty crosses correspond to J = 4 mesons. The first (pion) mass is omitted in order to expand the figure scale. The mass and width of the f 0 (600) are reduced since the first 14 entries in PDG table 2011, give its mass to be in the range 440-552 MeV. Therefore, I kept the following value: M = 475±50 MeV. All unflavoured mesons with spin = 0, 1, 2, 3, or 4, therefore up to f 2 (2340), are kept in figure 1 . The large number of observed unflavoured mesons, as well as their known spins, allows to discuss the possibilities and the limitations of the method.
The different straight lines indicate the multi-fractal properties. The first unknown spin meson is the X(1835) which mass mark (M = 1833.7 MeV, ln(M) = 7.514) is encircled and is introduced for all possible spins. The alignements must be looked for, ignoring these encircled marks. We conclude therefore, using these alignements, that J = 4 and J = 0, are unlikely for this meson. It is not possible to choose between spins J = 1, 2, or 3. The spin of the M = 2231.1 MeV unflavoured meson (ln(M) = 7.710) is noted to be either 2 or 4. The corresponding marks are again encircled. The figure shows again that it is not possible to use this method to choose between both possible spins.
B. Strange mesons
The log-log plot of strange meson masses is shown in figure 2 . Full red circles correspond to J = 0 mesons, full blue squares correspond to J = 1 mesons, full green triangles correspond to J = 2 mesons, full purple stars correspond to J = 3 mesons, and sky blue empty crosses correspond to J = 4 mesons. Only one J = 5 strange meson is known in the mass range studied. The spins of two meson masses M = 1630 MeV, ln(M) = 7.396, and 3100 MeV, ln(M) = 8.039, are unknown. In the figure, these masses are introduced in all spin distributions and are encircled. From figure 2 we deduce that the spin of the strange meson with mass M = 1630 MeV, is likely to be J = 0. J = 2 or J = 4 are also possible, but not J = 1 neither J = 3. Indeed, after removing the M = 1630 MeV strange meson from the J = 1 distribution, the two last J = 1 marks have to be translated to left by one step, and then the alignement is no more obtained for larger masses. The attribution of the spin to the strange meson at M = 3100 MeV is difficult, since it is not possible to exclude that new strange meson(s) could be observed in the range 2500≤M≤3100 MeV. From the present data J = 3 is the most probable spin value. When the mass unprecision is not given, a value of ∆M = 50 MeV is used.
C. Charmed mesons The log-log plot of charmed meson masses is shown in figure 3 . Full red circles correspond to J = 0 mesons, full blue squares correspond to J = 1 mesons, and full green triangles correspond to J = 2 mesons. The first charmed meson with unknown spin is the D * at M = 2637, ln(M) = 7.877. The corresponding marks are introduced in all possible spin data, and are encircled. Here again, the method discussed is unable to help us to conclude firmly, although J = 0 is weakly favoured. The log-log plot of charmed, strange meson masses is shown in figure 4 . Full red circles correspond to J = 0 mesons and full blue squares correspond to J = 1 mesons. The spin of the second charmed, strange meson D s (2112.3 MeV) (log(M) = 7.6555) is unknown. The figure shows that it is not possible to suggest a spin value for it. The spin of the 6 th charmed, strange meson D s2 (2572.6 MeV) (log(M) = 7.8527) is also unknown. Figure 4 shows that it is possible to suggest J = 1 for its spin.
E. c −c mesons
Many c −c meson masses are observed but, above M = 3900 MeV, nearly all spins are undetermined. Therefore we will only consider here the study of log-log distributions up to M = 3930 MeV. Figure 7 shows the log-log plot of ∆ baryons. Full red circles correspond to J = 1/2 baryons, full blue squares correspond to J = 3/2 baryons, full green triangles correspond to J = 5/2 baryons, purple stars correspond to J = 7/2 baryons, and sky blue empty crosses correspond to J = 9/2 baryons. All such baryons have known spin. The figure shows -again -many straight lines, a signature of multi-fractal properties.
C. Λ baryons Figure 8 shows the log-log plot of Λ baryons. Full red circles correspond to J = 1/2 baryons, full blue squares correspond to J = 3/2 baryons, full green triangles correspond to J = 5/2 baryons, full purple stars correspond to J = 7/2 baryons, and sky blue empty crosses correspond to J = 9/2. The spin of two Λ baryons is unknown, namely the Λ(2000) (ln(M) = 7.60) and Λ(2585) (ln(M) = 7.8575). The corresponding marks in figure 8 are encircled. From the figure, we conclude that the spin of Λ(2000) is unlikely to be J = 1/2 neither 7/2, but rather Figure 9 shows the log-log plot of Σ baryons. Full red circles correspond to J = 1/2 baryons, full blue squares correspond to J = 3/2 baryons, full green triangles correspond to J = 5/2 baryons, full purple stars correspond to J = 7/2 baryons, and sky blue empty crosses correspond to J = 9/2 baryons. The spins of many Σ baryons are unknown. The corresponding marks are encircled. There is no known Σ baryon with spin J = 9/2, and only one at M = 2030 MeV (ln(M) = 7.616), is known to have J = 7/2. Since this last baryon mark is ouside the continuity of other unknown spin baryons, the unknown spin of nearby baryons should be different from J = 7/2. The too large number of Σ baryons with unknown spin, prevents the use of this method to tentatively predict possible spins.
The same conclusion applyed for Ξ, Ω, and more generally for all heavier baryons, like charmed or bottom.
IV. NUCLEI
In this section, the method is applied to a limitated selection of nuclei.
A. The 4 He nucleus
The masses and spins of the energy levels of 4 He are known up to E x = 28.5 MeV [9] . Figure 10 shows the log-log plot of the 4 He E ex. masses [9] . Full red circles correspond to J = 0 levels, full blue squares correspond to J = 1 levels, and full green triangles correspond to J = 2 levels. In the range 24.9≤ E ex. ≤26.5 MeV, there is a (J P , T ) (1 − , 1) level at a poorly defined mass, either at M = 25. 
B. The
9 Be nucleus Figure 11 shows the log-log plot of 9 Be masses [10] versus the corresponding rank "R". The masses and spins of the energy levels of 9 Be are known up to E x = 13 MeV [10] . The full red circles, full blue squares, full green Log-log plot of 9 Be masses. Full red circles correspond to J = 1/2 levels, full blue squares correspond to J = 3/2 levels, full green triangles correspond to J = 5/2 levels, and full purple stars correspond to J = 7/2 levels (see text).
triangles, and full purple stars correspond respectively to the spin values: J=1/2, 3/2, 5/2, and 7/2. The first unknown spin level, at E x = 13.79 MeV, ln(M) = 2.624, is tentatively introduced inside all four possible spins, by encircled points. The second unknown spin level, at E x = 15.97 MeV, ln(M) = 2.771, is also tentatively introduced inside all four possible spins, by encircled points.
We observe that the linearity is obtained for both unknown spin levels, for the spin value J = 7/2, and is also extended to the next J = 7/2 level at E x = 17.493 MeV, ln(M) = 2.862. There is no linearity for the spin J = 1/2, neither 3/2. The situation for J = 5/2 is more complicated. Indeed, if its log-log distribution is aligned up to both unknown spin levels, this is no more observed with the next level at E x = 16.671 MeV, ln(M) = 2.814. We notice that if both unknown spin levels have different spins, the linearities are broken for J = 7/2, as well as for J = 5/2. But we notice however, that if the first unknown spin level is not J = 3/2, the second can have such spin J = 3/2.
The result of the used method is to tentatively attribute J = 7/2 for both levels of 9 Be at E x = 13.79 MeV and E x = 15.97 MeV. Color on line. Log-log plot of 13 C masses. Full red circles correspond to J = 1/2 levels, full blue squares correspond to J = 3/2 levels, full green triangles correspond to J = 5/2 levels, and full purple stars correspond to J = 7/2 levels (see text). Figure 12 shows the log-log plot of 13 C masses [11] versus the corresponding rank "R". Full red circles correspond to J = 1/2 levels, full blue squares correspond to J = 3/2 levels, full green triangles correspond to J = 5/2 levels, and full purple stars correspond to J = 7/2 levels. The level at M ex. = 11.748 MeV, ln(M) = 2.464, is the first one with unknown spin. It is tentatively introduced inside all four lower possible spins, by encircled points. None spin allows to draw a linear straight line between the log of the massses versus the log of the rank. Although it is therefore not possible to conclude, we notice that the (green) triangles, which correspond to J = 5/2, would exhibit a good linearity, if the third J = 5/2 mass would be somewhat larger. On the other hand, the three last marks corresponding to J = 1/2 are aligned.
D. The
14 N nucleus Figure 13 shows the log-log plot of 14 N masses [11] versus the corresponding rank "R". Full red circles correspond to J = 1 levels, full blue squares correspond to J = 2 levels, and full green triangles correspond to J = 3 levels. The level at M ex. = 9.386 MeV, ln(M) = 2.239, is the first one with unknown spin since it is reported as J π (2 − , 3 − ). Its mark is encircled in figure 13 . In view of the figure, the spin J = 2 is preferred for the M ex. = 9.386 MeV level. . Full red circles correspond to J = 1/2 levels, full blue squares correspond to J = 3/2 levels, and full green triangles correspond to J = 5/2 levels.
E. The
15 N nucleus Figure 14 shows the log-log plot of 15 N masses [11] versus the corresponding rank "R". Full red circles correspond to J = 1/2 levels, full blue squares correspond to J = 3/2 levels, and full green triangles correspond to J = 5/2 levels. The level at M ex. = 9.928 MeV, ln(M) = 2.295, is the first one with unknown spin, it is reported as J π (1/2, 3/2) + . Another level at M ex. = 11.235 MeV, ln(M) = 2.419, has an unknown spin, since it is noted as J ≥ 3/2. The marks corresponding to the possible spins are encircled in figure 14 . It is not easy to conclude firmly on the preferred spins for both levels. Indeed all four encircled marks lie on straight lines. We notice however the long straight line, including both unknown spin levels of the 15 N nuclei for J = 3/2. This spin value is therefore preferred for the two M ex. = 9.928 MeV and M ex. = 11.235 MeV levels. 
G. The
17 F nucleus Figure 16 shows the log-log plot of 17 F masses [12] versus the corresponding rank "R". Full red circles correspond to J = 1/2 levels, full blue squares correspond to J = 3/2 levels, and full green triangles correspond to J = 5/2 levels. The spin of the level at E ex = 6.406 MeV, ln(M) = 1.857, is reported as J P = (1/2, 3/2) − . This mark of this level is encircled in figure 16 . Here again, this method cannot be used to help to choose between both spin values.
H. The
20 F nucleus Figure 17 shows the log-log plot of 20 F excited level masses [13] versus the corresponding rank "R". Full red circles correspond to J = 1 levels, full blue squares correspond to J = 2 levels, full green triangles squares correspond to J = 3 levels, and full pink stars correspond to J = 4 levels. In the range studied there is only one J = 0 level at E ex = 3.526 MeV, and one J = 5 level at E ex = 1.8244 MeV. In the range studied here, there are three levels with uncertain spin, at: E ex = 3.587 MeV, ln(M) = 1.277, E ex = 3.680 MeV, ln(M) = 1.303, and E ex = 3.761 MeV, ln(M) = 1.325. Figure 17(a) considers only the first of these two levels, at E ex = 3.587 MeV which is indicated to have J = 1 or 2. It corresponds to the fifth mark for J = 1 as well as for J = 2. Figure 17(a) shows that the J = 1 value is preferred.
Then the two successive uncertain spin levels at E ex = 3.680 MeV and E ex = 3.761 MeV have respectively J = 1 or 2, and J = 2 or 3. Figure 17(b) , obtained after removing the E ex = 3.587 MeV from the distribution of J = 2, shows that the spin of the E ex = 3.680 MeV is uncertain. It may be either J =1 or 2, but if it is 1, then the spin J = 2 is unlikely for the E ex = 3.761 MeV level.
In conclusion for these three unknown spin level, the most probable identification may be: J = 1 for the E ex = 3.587 MeV and the E ex = 3.680 MeV levels, and J = 3 for the E ex = 3.761 MeV level. Figure 18 shows the log-log plot of 24 Mg excited level masses [14] versus the corresponding rank "R". Except for the ground state level (J = 0), the spins are J = 2, 3, or 4. In the mass range considered here, only two levels have J = 3 and one level has J = 1. In figure 18 , full red circles correspond to J = 4 levels, full blue squares correspond to J = 2 levels, and full green triangles correspond to J = 3 levels. The spin of the level at E ex =9.30 MeV, ln(M) = 2.230, is uncertain, since noted as (4) + . Figure 18(a) shows the log-log distributions including the E ex =9.30 MeV level (encircled mark) in the three possible spins. The linearity is worth for J = 2. Figure 18(b) shows the log-log distribution with the assumption that the spin of the E ex =9.30 MeV level is J = 3. The linearity for J = 3 remains very good, and is not modified for J = 4.
I. The
In conclusion the spin of E ex =9.30 MeV level is likely to be J = 3.
V. DISCUSSION
The fractal property, namely the straight line in the plot of log of successives masses versus the log of the corresponding rank, is used for definite spin distributions: -to tentatively predict the spin of several mesons, and baryons, when this spin is unknown, -to tentatively predict the unknown spins of some nuclei excited level masses.
The different examples discussed above have shown that this method is often unable to give a firm result. Indeed, it needs the knowledge of the spin of several lower masses. It works also better when several masses larger than the studied mass, have known spins. But, above all, it can help to select the spin, when the masses of the levels are not too close.
The method is unappropriate if used for rather large level ranks. Indeed, then, the masses are brought together leading to a large uncertainty. The method may be more suitable for light unstable nuclei.
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